The in vitro leishmanicidal effects of ethanolic extracts and fifteen naturally-occurring compounds (five lignans, eight neolignans, a diterpene and a dihydrochalcone), obtained from Pleurothyrium cinereum and Ocotea macrophylla, were evaluated on promastigotes of Leishmania panamensis and L. braziliensis. In addition, in order to determine the selective action on Leishmania species as a safety principle, in vitro cytotoxicity on J774 cells was also evaluated for test compounds and extracts. One extract and seven compounds showed activity against Leishmania parasites at different levels. Dihydroflavokawin B (8) was found to be the most potent antileishmanial compound on both parasites, whilst (+)-otobaphenol (14), was found to be the most selective compound on L. panamensis.
Leishmaniasis is a parasitic disease caused by protozoa of the genus Leishmania. Worldwide it is calculated that 12 million people are currently infected and each year there are ca 2 million infections, it being furthermore estimated that 350 million people in 88 countries are at risk of being infected [1] . In Colombia, between 2003 and 2004, 10,000 cases were reported per year, while in 2005 and 2009, the number of reports were close to 18,000 [2] and 12,727 cases [3] , respectively. However, considerable underreporting is accepted.
Treatment options are limited and based mainly on the implementation of pentavalent antimonials as first-line drugs; and amphotericin B and pentamidine as an alternative for patients resistant to pentavalent antimonials [4] , which are of known toxicity [4, 5] . Moreover, there is an increase in the number of reported cases of resistance and treatment failure [6] . All the above makes it imperative to search for new substances with leishmanicidal activity. Several Lauraceae-derived compounds have been shown to possess antileishmanial activity, including alkaloids from Ocotea lancifolia [7] , tetrahydrofuran lignans from Nectandra megapotamica [8] , and furofuran lignans from Ocotea duckei [9] , the activity of which was significant [10] . As part of our research on bioactive compounds from Lauraceae plants, the in vitro cytotoxic and antileishmanial effects of ethanolic extracts and fifteen naturally-occurring compounds, obtained from the leaves of Pleurothyrium cinereum and Ocotea macrophylla, were evaluated on J774 murine macrophages and promastigotes of L. panamensis and L. braziliensis.
Among the test compounds, only 1, 6, 8, and 9, and extracts OmE and PcE were suitable for calculation of half-maximal lethal concentrations, since the other substances failed to induce 50% inhibition of the cell population in the range of the test concentrations. However, on comparing with pentamidine isethionate, higher concentrations are required to achieve a similar effect.
Regarding the efficacy assay against both Leishmania parasites, only eight substances (OmE, 1, 4, 6, 8, 9, 14, and 15) showed inhibitory activity against L. panamensis, whereas OmE, 6, 8 and 9 exhibited also an antileishmanial effect against L. braziliensis. Interestingly, the extract from which compounds 8, 9, 14, and 15 were obtained revealed no significant activity against L. panamensis and L. braziliensis, suggesting the presence of antagonist and/or concentration effects. macrophages. However, compound 11 had been previously found to have antitrypanosomal activity [11] . Compound 9, a kaurane-type diterpene, was previously evaluated on promastigotes and amastigotes of L. braziliensis, exhibiting a potent, state-specific effect [12] . However, 9 has not been assessed yet against L. panamensis, and in our hands it was found to have a slightly more potent effect on L. panamensis that on L. braziliensis. Similar behavior was observed for dihydrochalcone 8. Both compounds (8, 9) were cytotoxic to macrophages, although this was less than that of the positive control, but their selective index (SI) was also smaller.
Benzofuran neolignan (4), diarylbutane (1), and aryltetralin (14 and 15) lignans were found to be active only against L. panamensis. In addition, a structureactivity relationship was observed for compounds 13-15. Compound 14, (+)-otobaphenol, exhibited a reasonable inhibitory activity against L. panamensis (IC 50 31.1 µg/mL). However, unsaturation at C7-C8 (like in 15), caused the activity to be significantly (P <0.05) decreased (IC 50 55.6 µg/mL), and double unsaturation at C7-C8 and C7'-C8' (like in 13) led to a total loss of activity. On the other hand, the diastereomeric diarylbutane lignans (1, 5) also showed an interesting behavior in terms of the configuration at C-7', since when an α-methyl group is present (like in 1), the effect on L. panamensis is considerably greater in comparison with the diastereomer possessing a β-methyl group (like in 5), when the activity is insignificant, which indicates an important configuration-related antileishmanial activity for this type of lignan. Finally, both benzofuran dinorneolignans (4, 6) exhibited antileishmanial effects. However, arylsubstitution was found to be an important structural factor for the activity, since when there is a 3,4methylenedioxyphenyl group, as in 4, the activity was less than when a 3,4,5-trimethoxyphenyl group is present as a C 6 C 3 moiety (like in 6). However, although the antileishmanial activities of the test extracts and compounds were found to be less than that of the positive control, these results were considered interesting and relevant in terms of safety, since the compounds possessing a reasonable antileishmanial activity (4, 14) were found to be less toxic than pentamidine isethionate, which is a significant positive factor for further structural optimization studies. (15) , isolated from P. cinereum. The isolation processes and spectroscopic features have been discussed in previous papers [13] [14] [15] .
Cell cultures: J774 murine macrophages were grown in RPMI-1640 medium (Gibco BRL-Life Technologies Inc., Grand Island, NY, USA), which was supplemented with 5% fetal bovine serum FBS, in a CO 2 incubator (5%) at 37°C.
Strains of L. panamensis and L. braziliensis promastigotes, MHOM/CO/87/UA140 and MHOM/CO/87/CL250, were cultured in RPMI-1640 medium, supplemented with 5% FBS and 1% L-glutamine at 26°C in wet and environmental gasification conditions. The cells were exposed to the treatments for 72 h at 37 o C and 5% CO 2 before cell viability was assessed by the resazurin reduction method [16] , which utilized a Tecan Microplate Reader Genius (Tecan, Austria), with excitation at 535 nm and emission at 590 nm.
Extracts and compounds were dissolved in DMSO at concentration no higher than 1%. Medium containing only DMSO (1%) was used as a negative control.
Leishmanicidal activity: Antileishmanial effects were established on promastigotes of L. panamensis and L. braziliensis, which were exposed to 8 concentrations (these concentrations varied depending on the results from the cytotoxicity assay) of the extract and the compound for 72 h at 26°C. After this time, the parasite viability was evaluated through the resazurin reduction method [16] , using a Tecan Microplate Reader Genius (Tecan, Austria), with excitation at 535 nm and emission at 590 nm.
All tests were performed 3 times in duplicate, and isethionate pentamidine (Pentacarinat®) was used as the reference drug.
Statistical analysis:
The half-maximal lethal concentrations (LC 50 ) and half-maximal effective concentrations (EC 50 ) for extracts and test compounds 1-15 were determined by non-linear regression analysis using the software GraphPad prism 5.00 (GraphPad software, San Diego, CA, USA). The 100% viability was calculated from data obtained with unexposed cells. To establish the selectivity of each substances on parasites, the selectivity index (SI) was determined using the equation SI = LC 50 /EC 50 . P < 0.05 values were considered significant.
